The extraction optimization of the poplar-type propolis was performed in order to improve the isolation of flavonoids as well as the corresponding antimicrobial activity of the products obtained. The efficiency of flavonoids extraction depended upon the type of extraction media used, following the rank 80% ethanol >40 ethanol>> water, regardless of pH value. Ultrasound assisted extraction was as efficient as the maceration procedure, offering additional benefits such as short duration time and low extraction temperature. The antimicrobial efficiency of extracts prepared with 80 and 40% ethanol against the tested microbial stains was comparable, regardless of the extraction technique used, while aqueous extracts mainly showed scarce activity. Observed activity against the yeast Candida albicans strongly correlated with flavones and flavonols content in extracts prepared (r 2 =0.8217), while regression analysis showed that beside flavonoids, some other components which were successfully extracted from the crude propolis contributed to the observed antimicrobial efficiency against Bacillus subtilis and Staphylococcus aureus.
Propolis, a resinous substance collected and enzymatically modified by honeybees (Apis mellifera L.) from exudates and buds of plants, has been used as a traditional remedy in folk medicine since ancient times, especially in Europe and Asia. To date, more than 300 different constituents have been identified in propolis, resulting in a wide spectrum of biological activities. The chemical composition of propolis is highly dependent on the phytographic characteristics of the flora present around the collection site, leading to formulation of several chemical types of propolis, based on their plant source [1] [2] [3] . Its documented efficiency in the treatment of cold and upper respiratory tract infections, wound healing, treatment of burns, acne, herpex simplex infection and neurodermitis [2, 3] , as well as in prevention and treatment of dental diseases [4] puts propolis in the focus of interest of the pharmaceutical industry, especially taking into account that the number of pathogens that are developing resistance to known antibiotics is rising [5] .
The antimicrobial efficiency of propolis varies greatly depending on the extraction procedure of the crude material and the solvents used in this process. In this paper, the efficiency of maceration, as a standard propolis extraction technique, was compared with that of ultrasound assisted extraction, in order to select rationally the best extraction technique. In order to optimize additionally the extraction of the bioactive compounds from the crude propolis, a series of extraction media were used, containing variable amounts of ethanol and water at different pH values. Total flavonoid content in the extracts prepared, determined by two complementary colorimetric methods [6] , was taken as an indicator of the extraction efficiency. This selection was made taking into account that hydrophobic flavonoid-aglycones are the main constituents of poplar type propolis, which is characteristic for raw propolis samples collected from inland Croatia [7] and are responsible for the majority of the propolis biological activities [1, 8] . The results obtained for extracts prepared are shown in Table 1 . Surprisingly, for some extracts prepared by maceration (namely M-80-50-3, M-80-25-7, M-80-25-3 and M-40-25-7), the method with 2,4-dinitrophenylhydrazine resulted in unrealistically high values (data not shown). Since it was previously shown that flavones, flavonols and isoflavonols with a C2-C3 double bond could not react with 2,4-dinitrophenylhydrazine [6] , the observed results were attributed to unknown interferences, but a detailed study of these was not within the scope of this paper.
When analyzing the amount of flavonoids extracted (Table 1) , it is obvious that the efficiency of their extraction was manly dependent upon the ethanol concentration in the extraction media, while pH and temperature of extraction were not critical parameters. In the case of flavones and flavonols, the highest extraction efficiency was obtained when 80% ethanol was used as the extraction medium, while 40% ethanol was somewhat less effective. Water, regardless of the pH used, appeared to be the least efficient extraction medium, resulting in extracts containing only around 0.6%, w/v, of flavones and flavonols (Table 1) . Such a result can be related to the rather poor aqueous solubility of those compounds and is in agreement with literature data [2] . When comparing the efficiency of the two extraction methods used, ultrasound assisted extraction resulted in comparable amounts of flavones and flavonols extracted, regardless of the type and pH of the extraction media. However, compared with maceration, the use of ultrasound significantly reduced the extraction time and allowed the preparation of propolis extract at rather low temperature (4°C), thus clearly demonstrating its advantages over maceration. When comparing the amounts of flavanones in the extracts prepared, maceration with 80 and 40% ethanol yielded comparable amounts of flavanones, which were in the range previously found to be characteristic of the propolis from the western part of continental Croatia [7] . Ultrasound assisted extraction using 80% ethanol resulted in comparable amounts of flavanones, while somewhat lower amount of flavanones were extracted when 40% ethanol was used as extraction medium. When water was the extraction medium, both methods resulted in comparable amounts of flavanones extracted, ranging from 6.1 to 6.9% (Table 1) .
Finally, when comparing the amounts of flavonoids extracted ( Table 1) tinctures [9] , maceration and ultrasound assisted extraction with hydroethanolic media resulted in 10 to 60 times higher concentrations of flavones and flavonols, while levels of flavanones were comparable. This clearly showed the need for careful adjustment of the extraction parameters and the methodology used in order to extract successfully the poorly soluble compounds from the crude propolis.
The antimicrobial activity of the propolis extracts prepared against Bacillus subtilis NCTC 8236, Staphylococcus aureus ATCC 29213, and Candida albicans ATCC 10231 strains was evaluated by measuring the zones of inhibition using a cylinder-plate diffusion method. The obtained results are shown in Figures 1, 2 and 3 . In the diffusion assay, all the media used for propolis extraction showed no antimicrobial action against the microbial species tested (data not shown). On the contrary, propolis extracts prepared with 80 or 40% ethanol, regardless of the pH and extraction technique used for preparation, showed a pronounced antibacterial activity against B. subtilis and S. aureus (Figures 1 and 2) . In fact, S. aureus presented inhibition zones ranging from 15-17 mm, while B. subtilis was somewhat less susceptible to ethanolic extracts of propolis, presenting inhibition zones ranging from 13 to 14 mm. In general, such results are in agreement with previously published data which showed good antimicrobial activity of ethanolic propolis extracts against those microbial species [10] .
Analysis of the antibacterial action of propolis extracts against B. subtilis and S. aureus showed that the ethanol concentration (40 or 80%) and the pH value of the extraction media, as well as the technique used for the extract preparation did not have any statistically significant influence on the observed antimicrobial activity of the extract prepared (p>0.05; Figures 1 and 2) . This further confirmed the high efficiency of ultrasound assisted extraction in the extraction of antibacterial compounds from the crude propolis, when hydroethanolic extraction media were used. Surprisingly, even the aqueous propolis extracts, prepared by maceration at 50°C (M-W-50-7 and M-W-50-3, respectively), showed comparable antimicrobial efficiency against both microbes showed no antibacterial effect against B. subtilis and S. aureus (Figures 2 and 3) . Probably, the low temperature at which extraction was performed hampered the successful extraction of the antimicrobial compounds from the raw propolis. Finally, when comparing the antimicrobial efficiency of all extracts prepared, it might be concluded that the pH value of the extraction media is not a critical parameter which would influence the antibacterial activity of the extract prepared.
When the observed antibacterial activity of extracts prepared was correlated with the content of flavones and flavonols, a weak but significant positive correlation was found (r 2 =0.3734 and 0.3150, for B. subtilis and S. aureus, respectively). No statistically significant correlation was found between antimicrobial activity of extracts prepared and flavanones content. This indicated that, beside flavones and flavonols, some other components of the propolis with antibacterial action were successfully extracted from the crude material, and contributed to the antimicrobial action of the extracts prepared. Furthermore, such an assumption would also explain the lack of antimicrobial activity of aqueous propolis extracts prepared by ultrasound assisted extraction (US-W-4-7 and US-W-4-3), which contained comparable amount of flavones and flavonols as M-W-50-3 and M-W-50-7 (Table 1) , but lacked any antimicrobial activity. The in depth study of their chemistry, especially in the case of aqueous propolis extracts prepared by maceration at 50°C, is the focus of upcoming studies.
In the case of the activity of propolis extracts against the yeast C. albicans, somewhat different results were observed (Figure 3 ). In general, C. albicans is less susceptible to the propolis extracts prepared, showing inhibition zones ranging from 9 to 11 mm. Again, extracts prepared with 80% ethanol, regardless of the pH of the extraction media and extraction technique used were the most active ( Figure 3 ). When 40% ethanol at pH 7 was used as the extraction medium, for both maceration and ultrasound assisted extraction, the obtained extracts (M-40-50-7, M-40-25-7 and US-40-4-7) showed lower action against C. albicans (p<0.001), with zones of inhibition around 9 mm, while the extracts prepared with 40% ethanol at pH 3 (M-40-50-3, M-40-25-3 and US-40-4-3) were practically inactive (Figure 3 ). Aqueous propolis extracts, regardless of the preparation method used, showed no antifungal effect against C. albicans (p<0.001).
When the observed antimicrobial efficiency of extracts against C. albicans was correlated with the content of flavones and flavonols, a statistically significant positive correlation was found (r 2 = 0.8217), while no statistically significant correlation was found between antimicrobial activity and flavanones content. This indicated that flavones and flavonols have an important role in the activity of the propolis extracts prepared, but they must be present in a sufficient concentration in order to express an anti-Candida effect, as was also shown by earlier investigations [9] . Therefore, the extracts of the crude propolis prepared with rather polar extraction media would be less effective. Also, it is possible that some other constituents of propolis could contribute to its anti-Candida action. For example, recent studies demonstrated that in the case of ethanolic extracts of Mediterranean propolis, only samples which contained significant amounts of terpenyl esters and hydroxybenzoic acid displayed activity against C. albicans in vitro, while others were ineffective [11] . All this demonstrates a need of further research in order to determine the individual contribution of each propolis constituent with regard to its anti-Candida action and possible synergism, as well as to understand the variability in propolis samples of different geographical origin. Only better knowledge of their chemistry would allow us to develop novel and more efficient extraction procedures, which would lead to standardized and more efficient propolis preparations for use in medicine and in the food industry.
Experimental

Propolis sample:
The raw poplar-type propolis was collected from beehives in the outskirts of Zagreb, Croatia.
Preparation of propolis extracts:
Prior to extraction, the raw material was frozen at -20°C and then homogenized and pulverized by grinding in a chilled mortar. The extraction was performed by maceration and an ultrasound method, using 1:5 weight ratios between crude propolis and the extraction medium. The extraction solvents used were water and 40 or 80%, v/v, ethanol/water mixtures, with the pH adjusted to 3 or 7 by addition of 0.1M HCl or NaOH solution. The maceration of raw propolis was performed in hermetically sealed Erlenmeyer flasks in a horizontal shaker thermostated at either 25 or 50°C at a shaking frequency of 120 min -1 for 24 h. Ultrasound extraction was performed by introducing an ultrasonic processor probe (Misonix Sonicator® S-4000, Cole-Parner, USA) operating at 60 W for 30 min directly into the sample, immersed in an ice-bath to prevent sample overheating. After the extraction process, the residual solids were separated from the liquid extracts by centrifugation at 3500 rpm for 10 min, followed by filtration through a Whatman cellulose filter paper No.1. The obtained liquid extracts were stored protected from light at 4°C in airtight containers.
Determination of flavones, flavonols and flavanones:
Quantification of flavones and flavonols in extracts prepared was performed by a colorimetric method using aluminum chloride, as described by Woisky and Salatino [12] ; results are expressed as quercetin equivalents, while flavanones contents were determined 50 Natural Product Communications Vol. 12 (1) 2017 Jug et al.
using a 2,4-dinitrophenylhydrazine colorimetric assay proposed by Nagy and Grancai [13] ; results are expressed as (±)-naringenin equivalent.
In vitro antimicrobial assays: The antimicrobial activity of the prepared propolis extracts against Bacillus subtilis NCTC 8236, Staphylococcus aureus ATCC 29213 and Candida albicans ATCC 10231 was evaluated by a cylinder-plate diffusion method following the procedure described by Kosalec et al. [9] and using 60 μL aliquots of undiluted propolis extracts. Prepared plates were incubated under aerobic conditions first at +4°C for 1 h and then at +37°C for 18 h in the case of bacteria and 48 h in the case of C. albicans. The same procedure was utilized for all extraction media used. The diameter of the inhibition zone around each hole was measured and recorded. All values are expressed as mean±SD of 6 separate experiments. Data were compared by one-way ANOVA, followed by Tukey's multiple comparison post-test. The differences were considered statistically significant when P<0.05. Calculations were performed using the GraphPad Prism program (GraphPad Software, Inc., San Diego, CA; www.graphpad.com).
